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The main cause of childhood overweight/obesity is an imbalance between energy intake
and energy expenditure. The objective was to determine whether the intake by Spanish
schoolchildren of sugars from habitually consumed foods and drinks can be related to over-
weight/obesity.
Methods
Subjects The study included 657 schoolchildren between 7–10 years from educational cen-
ters in Southern Spain. These children live under the influence of the Mediterranean diet.
Design Participants completed an encoded questionnaire with three sections: a) data on
sex, age, educational center, school year, and life/family habits, among others; b) semi-
quantitative food frequency questionnaire related to the previous 12 months; and c) informa-
tion on anthropometrics and physical activities.
Results
Obesity was observed in 10.9% of the children. The daily activity questionnaire showed a
mean energy expenditure of 8.73 (1.33) MJ/day. The study considered foods that supply
carbohydrates in any form (total carbohydrates, starch, total sugars, added sugars, and free
sugars). The likelihood of overweight/obesity was significantly greater with a higher intake/
day of total sugars, starch, added sugars, and free sugars. The likelihood of normal weight
was significantly greater with lower energy expenditure in sedentary activities (OR = 3.03),
higher energy expenditure in sports activities (OR = 1.72), and higher total activity/day mea-
sured as METs (OR = 8.31).
Conclusions
In this population, overweight/obesity was influenced by the physical activity of the children
and by their intake of energy, total sugars, starch, added sugars, and free sugars. Further
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1. Introduction
Childhood obesity is one of the most severe public health challenges of this century. It is asso-
ciated with an increased risk of the early onset of diabetes, cardiovascular disease, and respira-
tory problems and a higher likelihood of fractures and hypertension, insulin resistance, and
psychological disorders, among other severe health complications [1].
The main cause of childhood overweight and obesity is an imbalance between energy intake
and energy expenditure. However, a hyperenergetic diet (e.g., excessive energy consumption)
and a lack of physical activity are not the only influential factors. Childhood obesity is also
associated with social and economic development, and policies on agriculture, transport,
urban planning, environment, education, and food processing, distribution, and commerciali-
zation, which all require special attention in the fight against the obesity epidemic. In particu-
lar, it should be taken into account that the prevalence of overweight and obesity is higher in
children with lower socioeconomic and cultural levels [2,3]. Importantly, overweight/obesity,
and related diseases are largely preventable [1].
Humans are genetically programmed to like sweetness [4], which has strong unconscious
effects and is the taste most strongly related to pleasure. It is also clear that we often like what
we habitually consume and that our palate can be educated, and people prefer different degrees
of sweetness or saltiness [5,6]. Free sugars (refined or non-refined) are added to food by manu-
facturers and/or consumers, including monosaccharides/disaccharides introduced into foods
and drinks and also sugars naturally present in honey and in fruit syrups or juices, although
the WHO excludes the intrinsic sugars present in whole fresh fruit and vegetables from the
classification of free sugars [7]. Sugar should preferably be consumed as part of a main meal
and in a natural form (sugar or fresh fruit) rather than in sugar-sweetened beverages, fruit
juices, milkshakes, or sugar-sweetened dairy products. Liquids containing free sugars should
be replaced by water or by sugar-free dairy beverages [4].
However, there is an increasingly high consumption of sugars, especially sugar-sweetened
beverages (sucrose, high-fruit-content juices, and juice concentrates), although data are more
consistent on the consumption of these beverages than on the consumption of other sugars
[7]. WHO guidelines on sugar intake for adults and children recommend a reduction in the
consumption of free sugars to less than 10% of total energy intake, noting that a reduction to
less than 5% generates additional health benefits [7]. It has been reported that children who
consume more energy-containing beverages are more likely to be overweight or obese,
although this would be attributable not only to the carbohydrates in these drinks but also to
the lipids and proteins they contain.
In relation to the dental impact of sugar, the WHO recommends limiting the intake of free
sugars to<10% of total energy intake based on moderate quality evidence from observational
studies of dental caries, and suggests that a reduction to<5% would further reduce the risk of
dental caries (conditional recommendation) [7]. In this regard, added sugars were found to
contribute about 14% of daily energy intake in 2- to 9-year-old children in Europe [8].
Besides increasing the risk of overweight/obesity and caries, sugar-sweetened beverages
offer a deficient nutrient supply and reduced dietary diversity [9]. However, there have been
contradictory reports on their role in the development of childhood obesity. Nine of the thir-
teen reviews/meta-analyses studied by Keller et al. [10] described a direct association between
sugar-sweetened beverages and obesity among children and adolescents [11], while the
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remaining four did not. The quality of the studies ranged between poor and moderate, and the
two reviews with the highest quality scores showed divergent results. Studies and reviews of
optimal quality are needed to fully elucidate this issue [10].
The objective of this study was to determine whether the intake by Spanish schoolchildren




This population derives from a health research project of the Spanish Ministry of Health FED-
ER-ISCIII PI14/01040. Written informed consent was obtained from parents/guardians of all
participants in the study, which was approved by the research ethics committee of the Andalu-
sian Public Health Service. The sample comprised schoolchildren from educational centers in
two provinces of Southern Spain (Granada and Malaga). Two age groups were defined in the
total sample of 1,000 schoolchildren: a subgroup of children aged 7–8 years and another sub-
group aged 9–10 years. Sample size: For an expected obesity prevalence of 10% and precision
of 2%, with a 95% confidence interval, the sample size would be 540 (P: 0.10; i: 0.02; α: 0.05).
After correction for a finite population: n = 540/ (1+[540/2940]) = 456, the minimum sample
size was 456 individuals. Out of the initial sample of 700 individuals. 42 (6%) were excluded
for incomplete questionnaire. The drop-outs detected were largely due to missing data on sex
or height. The study included 657 schoolchildren (53.5% girls) aged between 7 and 10 years
(inclusive). Methods: Experienced and specifically trained interviewers administered the ques-
tionnaires to participants [12–14]. The encoded questionnaire comprised four sections. Sec-
tion A gathered data on sex, age, educational center, school year, and life and family habits,
among others. Section B was a validated and widely used [15–17] semi-quantitative food fre-
quency questionnaire (FFQ) related to the previous 12 months. It records the consumption or
not of each food, the number of times consumed per day, week, or month, and the amount
consumed on each occasion in g, mL, or domestic measures (e.g., platefuls, glassfuls, tea/table
spoonful, etc.). The daily food and nutrient intake was calculated (in g or mL) from the results
by multiplying the standard serving size of each item by the value corresponding to the con-
sumption frequency: never = 0; 1–3 times/ month = 0.07; 1–2 times/ week = 0.21; 3–4 times/
week = 0.50; 5–6 times/ week = 0.80; 1 time/day = 1; and 2–3 times/ day = 2.5 [18,19]. Section
C gathered information on anthropometrics and physical activity. Weight (kg) was measured
with a floor scale (model SECA 872; Hamburg. Germany) barefoot and in light clothes, height
with a stadiometer (model SECA 214; 20–207 cm), and waist circumference (cm) with a mea-
suring tape (model SECA 201), following the CDC Anthropometry Procedures Manual [20].
Participants were then classified as normal weight, overweight, or obese according to the BMI-
based classification of Cole et al. [21]. Body fat % was calculated using the equations proposed
by Marrodán et al. [22]. Data were also collected on physical activity, including hours of sleep,
method of journey to school (walking, car, bicycle, etc.), hours/week of physical education in
school, and extracurricular sports activities, gathering all sedentary and non-sedentary activity
on each of three non-consecutive days; the results were transformed into METs according to
Harrell et al. [23] and Ridley et al. [24]. Carbohydrate and sugar intakes were estimated using
the Dial program (Copyright © 2015 Alce Ingenierı́a) in combination with the AUSNUT
2011–13 food nutrient database, identifying each food from the semi-quantitative FFQ and
estimating the amount of each nutrient per 100 g of food [25,26].
Adherence to the Mediterranean diet was estimated by using the KIDMED index [27,28],
which contains 16 items, 12 positively scored and 4 negatively scored. Total KIDMED scores
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were classified as follows: >8 points = good (optimal Mediterranean diet); 4–7
points = average; and <3 points = poor. Study age ranges were selected according to the FAO/
WHO [29].
The occupations of parents were classified according to the 10 groups established by the
International Standard Classification of Occupations 2008 (ISCO-08), grouped into low
(groups 5–9), medium (groups 3 and 4), and high (groups 1 and 2) levels in accordance with
national legislation (1591/2010, 26 November; BOE 17-DIC.2010). Statistical analysis: SPSS
version 22.0 (IBM. Chicago. IL) was used for the statistical analysis. After a descriptive analysis
to calculate means, standard deviations, medians, and maximum and minimum values, t-tests
and ANOVA were used for analyses of the data, and stepwise regression and logistic regression
analyses were conducted, as specified in table footnotes. P < 0.05 was considered significant.
3. Results
Table 1 lists the characteristics of the study population, who were between 7 and 10 years of
age. The mean (SD) BMI was 18.74 Kg/m2 (SD: 3.17), 10.9% of the children were classified as
obese, and the mean energy expenditure (MET) was 8.73 MJ/day (SD: 1.33).
Stepwise regression analysis of the contribution of each food to the total nutrient intake of
the children showed that industrial milk shakes were the predominant source of total
Table 1. Population characteristics.
Mean SD Median Minimum Maximum
Age (yrs) 9.03 0.97 9.00 7.00 10.00
Weight (Kg) 35.12 8.91 33.43 17.85 72.30
Height (m) 1.36 0.08 1.36 1.12 1.69
BMI (Kg/m2) 18.75 3.18 18.34 11.24 31.88
Waist circumference (cm) 63.59 8.53 62.00 32.10 104.00
Waist-to-height ratio) 0.47 0.05 0.46 0.22 0.73
Fat composition� (Fat %) 24.21 5.54 23.99 4.56 49.86
Hours sleeping 8.66 1.09 8.00 7.30 14.00
METs sleeping (MJ/wt/night) 1.25 0.33 1.21 0.69 2.81
Hours walking to school 0.25 0.25 0.00 0.00 0.50
METs MJ journey to school/wt 0.11 0.12 0.00 0.00 0.40
PA hours of physical education 1.92‘ 0.54 2.00 0.00 7.00
METs PA (MJ/wt) 0.82 0.33 0.33 0.00 4.13
Hours of extracurricular PA 0.46 0.33 0.43 0.00 2.14
METs extracurricular PA/day/wt 0.37 0.27 0.29 0.00 1.88
Moderate activity up to 24 h 12.71 1.42 13.20 6.21 15.86
METs sedentary/day/wt 2.60 0.75 2.51 1.10 5.39
Total 24-H METs (MJ/day) 8.73 1.33 9.28 1.41 12.04
Total MJ intake /day 9.15 2.85 9.55 2.81 12.80
% energy fat 30.76 11.63 32.70 20.90 40.70
% energy protein 12.94 7.10 13.8 5.74 20.67
% energy carbohydrate 54.98 9.23 56.94 7.25 71.0
KIDMED 8.93 2.05 9.00 3.00 13.00
% participants in each BMI category Normal weight Over weight Obesity
62.3 26.8 10.9 p<0.001
�Fat % calculated as 106.50 x WHI– 28.36 for boys and as 89.73 x WHI– 15.40 for girls [22].
��MET data for different degrees of activity were based on the values proposed by Harrell et al. [23] and Ridley et al [24].
https://doi.org/10.1371/journal.pone.0242602.t001
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carbohydrates representing 60.9%, and of total sugars, free sugars, and added sugars, repre-
senting 74.7–82.1% of the sugars consumed by participants (Table 2). Statistically significant
differences were observed among BMI categories (Table 3) and between the sexes (Table 4) in
the intake of energy, total sugars, added sugars, and free sugars. Logistic regression analysis
demonstrated a significant association between the maintenance of normal weight and daily
activity, measured as 24-h activity or extracurricular sports activity and hours walking to
school, and between obesity and the elevated intake of starches, total sugars, free sugars, and
added sugars (Table 5).
4. Discussion
Obesity and overweight have multiple causes [30]. In this study of schoolchildren in Southern
Spain, the intake of all forms of carbohydrates (total carbohydrates, starch, total sugars, free
sugars, and added sugars) was calculated from FFQ results, and stepwise regression analysis
was used to estimate the contribution of different foods to the intake of each carbohydrate
under study. The likelihood of overweight/obesity was associated with a greater daily con-
sumption of energy, total sugars, starch, added sugars, and free sugars, whose reduction is
widely recommended to achieve weight control. The WHO has pointed out that nutritional
programs have a “double duty”, not only to reduce obesity rates but also to address the malnu-
trition risks posed by an increasing shift from traditional local diets towards a Western diet,
usually higher in fat, salt, and sugar and lower in nutritional density [31]. In the present popu-
lation of schoolchildren, the likelihood of normal weight was significantly greater with lower
energy expenditure in sedentary activities, higher energy expenditure in sports activities, and
higher total activity/day measured in METs.
Table 2. Stepwise regression analysis of the contribution of each food to the total nutrient intake of the children.
Energy (MJ) R2 % contribution Protein R2 % contribution Fat R2 % contribution Carbohydrates R2 % contribution
Milkshake 0.501 50.1 milk 0.353 35.3 Milk 0.336 33.6 milkshake 0.609 60.9
creme caramel 0.612 61.2 bread 0.523 52.3 creme
caramel
0.646 64.6 creme caramel 0.725 72.5
Cocoa 0.682 68.2 milkshake 0.676 67.6 Milkshake 0.744 74.4 juice 0.787 78.7
Biscuits 0.745 74.5 yogurt 0.787 78.7 Cheese 0.821 82.1 cereals 0.830 83.0
Bread 0.805 80.5 buns 0.851 85.1 Buns 0.879 87.9 buns 0.865 86.5
Milk 0.845 84.5 biscuits 0.885 88.5 Yogurt 0.928 92.8 bread 0.901 90.1
Buns 0.885 88.5 salad 0.909 90.9 Cocoa 0.979 97.9 biscuits 0.921 92.1
Juice 0.919 91.9 pasta 0.932 93.2 milk 0.948 94.8
Yogurt 0.933 93.3 breakfast
cereals




Total sugar R2 % contribution Starch R2 % contribution Added sugars R2 % contribution Free sugars R2 % contribution
milkshake 0.747 74.7 breakfast
cereals
0.336 33.6 Milkshake 0.821 82.1 milkshake 0.801 80.1
creme caramel 0.843 84.3 bread 0.550 55.0 creme
caramel
0.921 92.1 creme caramel 0.902 90.2
Juice 0.911 91.1 biscuits 0.748 74.8 Juice 0.979 97.9 juice 0.979 97.9
Apple 0.932 93.2 buns 0.845 84.5 softdrink/soda 0.993 99.3
Milk 0.945 94.5 rice 0.908 90.8
softdrink/soda 0.954 95.4 creme caramel 0.941 94.1
milkshake 0.960 96.0
https://doi.org/10.1371/journal.pone.0242602.t002
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It has previously been reported that the consumption of sugar-sweetened beverages con-
tributes to the development of overweight in children [32]. The intake of industrially-produced
milkshakes made the greatest contribution to sugar intake in the present population, repre-
senting 60.9% of carbohydrates, 74.7% of total sugars, 82.1% of added sugars, and 80.1% of
Table 3. ANOVA of the energy and carbohydrate intake (carbohydrates, starch, total sugars, and added sugars) as a function of the BMI of the study population.
BMI categories mean SD P
Total energy intake (MJ) normal weight 9.27 2.87 0.020
overweight 9.25 2.79
obesity 8.98 2.77
Carbohydrate (g) normal weight 311.16 135.94 0.028
overweight 310.08 133.01
obesity 301.02 125.09
Starch (g) normal weight 101.70 47.49 0.112
overweight 97.47 44.96
obesity 89.25 50.37
Total Sugars (g) normal weight 175.92 107.78 0.033
overweight 182.32 107.13
obesity 158.45 96.78
Added Sugars (g) normal weight 109.85 100.29 0.046
overweight 119.21 100.21
obesity 83.90 94.10
Free Sugars (g) normal weight 114.64 101.39 0.061
overweight 122.60 100.29
obesity 88.70 95.02
KIDMED normal weight 9.00 2.07 0.835
overweight 8.91 2.18
obesity 8.85 2.08
Nª normal weight = 392; overweight = 170; obesity = 69.
https://doi.org/10.1371/journal.pone.0242602.t003
Table 4. Mean comparison analysis (t-test) of energy and carbohydrate intake (carbohydrates, starch, total sugars, and added sugars) between the sexes.
Mean SD P
Energy (MJ) male 9.35 2.86 0.001
female 8.80 2.80
Carbohydrate (g) male 309.36 135.89 0.002
female 276.27 131.67
Starch (g) male 104.91 47.99 0.004
female 94.18 46.07
Sugars (g) male 201.02 106.16 0.009
female 178.63 106.57
Added Sugars (g) male 121.11 98.76 0.006
female 99.37 100.02
Free Sugars (g) male 125.87 99.84 0.005
female 103.43 100.45
KIDMED male 8.58 1.85 0.001
female 9.37 2.21
Nª male = 295; female = 335.
https://doi.org/10.1371/journal.pone.0242602.t004
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free sugars in their diet. According to these results, it appears especially advisable to replace
industrial milkshakes with milk. A finding of particular concern is the very frequent consump-
tion of these beverages instead of fruit or natural juice in the children’s mid-morning and
afternoon snacks.
In 2015, the Executive Council of the WHO recommended the education of children,
parents, and teachers on the importance of consuming healthy food and reducing the intake of
sugars and fats; it also proposed the promotion of physical exercise and a reduction in seden-
tariness [33]. A wide study of Mexican schoolchildren showed that only a small proportion of
them ate healthy snacks at school, and it called for greater efforts by educational authorities to
promote healthy nutritional behavior and reduce childhood obesity [34]. In general, policies
are required to reduce unnecessary sugar intake by babies, children, and adolescents, using fis-
cal and other measures [35–38] A healthy approach to the consumption of sugar-sweetened
beverages and foods should be established during childhood to prevent negative health effects
later in life [10]. Products are promoted using a wide range of techniques to reach children
through television and the internet as well as in schools, supermarkets, and other settings, and
television advertising is known to influences the dietary preferences and patterns of infants
and children [39]. Schools can play a key role in campaigns to reduce the excessive consump-
tion of sugary and processed food, and a program to give Maltese schoolchildren bottles of
water instead of soft drinks achieved a major reduction in mean energy intake at 12 weeks
[40]. The most common sugary and processed food include highly-processed items (e.g., fast
foods and snacks), which tend to be low in nutrients (vitamins, minerals and antioxidants)
and high in empty calories due to the content of refined flours, sodium and sugar.
Table 5. Logistic regression analysis to determine factors associated with normal weight/overweight+obesity.
Reference category is overweight+obesity OR (95% CI) P
KIDMED 1.44(0.73, 2.16) 0.270
Ref > median value
Sex 1.33(0.74, 1.91) 0.160
Ref. female
Median MJ 1.64(0.97, 3.21) 0.147
Ref > median value
Median Carbohydrates 2.61(1.15, 4.06) 0.250
Ref > median value
Median Starch 0.45(0.27, 0.75) 0.002
Ref > median value
Median Sugars 0.58(0.8, 1.97) 0.050
Ref > median value
Median Added Sugar 1.11 (0.88, 2.78) 0.040
Ref > median value
Median Free Sugar 1.10((0.88,1.37) 0.040
Ref > median value
Hours walking to school 1.63(1.04,2.49) 0.032
Ref > median value
Sports/day (METs) 1.72(1.12, 2.32) 0.010
Ref > median value
Sedentary activities /day (METs) 3.03(1.59, 5.77) 0.001
Ref > median value
Total activities/day (24 H) METs 8.31(4.28, 16.10) 0.001
Ref > median value
https://doi.org/10.1371/journal.pone.0242602.t005
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Researchers have highlighted the negative effects for children and adolescents of a poorly
balanced diet and sedentary activities, including time spent inactive before a screen. The pres-
ent findings on the relationship of obesity with energy expenditure activity are consistent with
strong evidence of an association between screen time and obesity/adiposity and moderate evi-
dence of an association between screen time and higher energy intake [41]. Indeed, particular
attention should be paid to increasing physical activity in the present study population, whose
sugar intake appears to have a lesser impact, likely attributable to the influence of the tradi-
tional Mediterranean diet in our setting. Studies of adolescents have suggested that travelling
to school on foot or by bicycle reduces their body fat and is one way of improving the general
physical activity of this age group [42].
Some difficulties remain in the definition of sweets, snacks, and foods served in main
meals. For instance, researchers in the USA reported problems with the categorization of des-
serts such as biscuits or ice-cream, which were classified as sweets by some children and snacks
by others [43]. There remains a need to establish a consensus on terms and definitions related
to sugars and sugar-sweetened beverages, as recently proposed by the European Society for
Pediatric Gastroenterology, Hepatology, and Nutrition [4]. The present results are confined to
schoolchildren aged 7 to 10 years and do not consider nutritional and life habits that may be
acquired in adolescence. A further limitation is that only the intake of sugars and total energy
was studied, and the contribution of other energy nutrients (e.g., proteins and fats) was not
taken into account.
In conclusion, the reduction of sugar intake, alongside the limitation of total daily intake
from energy nutrients such as fats and proteins, is essential to combat the alarming prevalence
of obesity among children. Well-designed programs are required that involve parents and
schools. Further studies are warranted to verify these findings and examine their implication
for public health policies.
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